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� Ì¨³μ¢ �.‚. ¨ ¤·. P3-2013-109
�¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ¶μ²¨ÔÉ¨²¥´ 
´¥°É·μ´´μ° § Ð¨ÉÒ Ê¸É ´μ¢±¨ EDELWEISS

–¥²ÓÕ · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶·¨³¥´¥´¨¥ ¨´¸É·Ê³¥´É ²Ó´μ£μ ´¥°É·μ´´μ-
 ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  (ˆ���) ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶·¨³¥¸´μ£μ ¸μ¸É ¢  ¶μ²¨ÔÉ¨-
²¥´ , ¨¸¶μ²Ó§μ¢ ´´μ£μ ¤²Ö ´¥°É·μ´´μ° § Ð¨ÉÒ ´¨§±μËμ´μ¢μ° Ê¸É ´μ¢±¨ ¢ Ô±¸-
¶¥·¨³¥´É¥ EDELWEISS. ‚ Ô±¸¶¥·¨³¥´É¥ EDELWEISS μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³
Ëμ´  Ö¢²Ö¥É¸Ö · ¤¨μ ±É¨¢´μ¥ ¨§²ÊÎ¥´¨¥ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢, ´ Ìμ¤Ö-
Ð¨Ì¸Ö ¢ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ² Ì, ¢ Éμ³ Î¨¸²¥ ¢ § Ð¨É¥ Ê¸É ´μ¢±¨. ‚ ¸¢Ö§¨
¸ ÔÉ¨³ ¶·μ¢¥¤¥´¨¥ ¢Ò¸μ±μÎÊ¢¸É¢¨É¥²Ó´μ£μ ¨ ³´μ£μÔ²¥³¥´É´μ£μ  ´ ²¨§  μ¡· §-
Íμ¢ ¶μ²¨ÔÉ¨²¥´ , ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É¥ ¢ ± Î¥¸É¢¥ § Ð¨ÉÒ μÉ
´¥°É·μ´μ¢ ¢ ±μ²¨Î¥¸É¢¥ ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ Éμ´´, Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ° § ¤ Î¥°.
�¤¨´ ¨§ ³¥Éμ¤μ¢, μÉ¢¥Î ÕÐ¨Ì ÔÉ¨³ É·¥¡μ¢ ´¨Ö³, Å ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°
 ´ ²¨§. „²Ö ¶·μ¢¥¤¥´¨Ö ˆ��� μ¡· §ÍÒ ¶μ²¨ÔÉ¨²¥´  ³ ¸¸μ° 1Ä10 £ μ¡²ÊÎ ²¨
´¥°É·μ´ ³¨ Ö¤¥·´μ£μ ·¥ ±Éμ·  ‚‚�-‘Œ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨ �� �“§
¸ ¶²μÉ´μ¸ÉÓÕ ¶μÉμ±  ´¥°É·μ´μ¢ 1 · 1014 ¸³−2 · c−1 ¢ É¥Î¥´¨¥ 5Ä48 Î. �·¨
ÔÉμ³ ¢ μ¡· §Í Ì ¤¢ÊÌ É¨¶μ¢ ¶μ²¨ÔÉ¨²¥´  μ¶·¥¤¥²¥´Ò 35 Ô²¥³¥´Éμ¢ ´  Ê·μ¢´¥
10−5−10−11 £/£.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2013

Rakhimov A.V. et al. P3-2013-109
Neutron Activation Analysis of Polyethylene
of Neutron Shield of EDELWEISS Experiment

In this work instrumental neutron-activation analysis (INAA) has been applied
for estimation of trace contaminations in polyethylene used for the neutron shielding
of low background setup of the EDELWEISS experiment. In the EDELWEISS
main background arises due to radioactive decays of natural radio-nuclides in all
construction materials, even in the shield. Thus, a task of high sensitive many
elements analysis of samples from a polyethylene (PE) several tons of which is
used by the experiment as a neutron shield is highly relevant. Neutron activation
analysis is a method that gives the desired information about the PE. For NAA,
polyethylene samples with mass 1Ä10 g were irradiated during 5Ä48 h by neutron 	ux
1 ·1014 ¸m−2 · s−1 from WWR-SM nuclear reactor of the Institute of Nuclear Physics
of AS RUz. As a result in two types of PE presence of 35 elements has been estimated
on a level of sensitivities 10−5−10−11 g/g.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2013
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”μ´ μÉ ´¥°É·μ´μ¢ ¨ Ëμ´Ò, ¨´¤ÊÍ¨·μ¢ ´´Ò¥ ´¥°É·μ´ ³¨, ¶·¥¤¸É ¢²ÖÕÉ
¸¥·Ó¥§´ÊÕ μ¶ ¸´μ¸ÉÓ ¤²Ö ¢¸¥Ì ¸μ¢·¥³¥´´ÒÌ ´¨§±μËμ´μ¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢.
‚ μ¡ÒÎ´ÒÌ ² ¡μ· Éμ·¨ÖÌ μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ ´¥°É·μ´μ¢ Ö¢²ÖÕÉ¸Ö ±μ¸³¨-
Î¥¸±¨¥ ²ÊÎ¨. ‚ ¸¨²Ê ¡μ²ÓÏμ° Ô´¥·£¨¨ ¨ ¢Ò¸μ±μ° ¶·μ´¨± ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨
¥¤¨´¸É¢¥´´μ° ÔËË¥±É¨¢´μ° § Ð¨Éμ° μÉ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° Ö¢²Ö¥É¸Ö ¶·μ¢¥¤¥-
´¨¥ Ô±¸¶¥·¨³¥´Éμ¢ ¢ £²Ê¡μ±¨Ì ¶μ¤§¥³´ÒÌ ² ¡μ· Éμ·¨ÖÌ. 
² £μ¤ ·Ö ¢Ò¸μ±μ°
¸É¥¶¥´¨ ¶μ¤ ¢²¥´¨Ö ±μ¸³μ£¥´´μ£μ ¨§²ÊÎ¥´¨Ö ¶μÉμ± ´¥°É·μ´μ¢ ¢ É ±¨Ì ² ¡μ-
· Éμ·¨ÖÌ ¸μ¸É ¢²Ö¥É ³¥´¥¥ 0,1 ³−2 · c−1, ÎÉμ ´  É·¨ ¶μ·Ö¤±  ´¨¦¥, Î¥³ ¶μÉμ±
´¥°É·μ´μ¢ ´  ¶μ¢¥·Ì´μ¸É¨. „²Ö ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶· ¢²¥´´ÒÌ
´  ¶·Ö³μ° ¶μ¨¸± Î ¸É¨Í É¥³´μ° ³ É¥·¨¨, ¶·¨ ¤¥É¥±É¨·μ¢ ´¨¨ 0ν2β-· ¸¶ ¤ 
¨²¨ ·¥£¨¸É· Í¨¨ ´¥°É·¨´μ ¶μÉμ± ´¥°É·μ´μ¢ ¤μ²¦¥´ ¡ÒÉÓ ´  ´¥¸±μ²Ó±μ ¶μ·Ö¤-
±μ¢ ´¨¦¥. ”μ´ ´¥°É·μ´μ¢ ¢ ¶μ¤§¥³´μ° ² ¡μ· Éμ·¨¨ ¢ μ¸´μ¢´μ³ μ¶·¥¤¥²Ö¥É¸Ö
¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸ÉÓÕ £μ·´ÒÌ ¶μ·μ¤, ³ É¥·¨ ²μ¢ ¸É¥´ ² ¡μ· Éμ·¨¨,
±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨, · ¤¨μ ±É¨¢´μ°
¶Ò²ÓÕ ¨ · ¤μ´μ³. �¥°É·μ´Ò μ¡· §ÊÕÉ¸Ö ¶·¨ ¸¶μ´É ´´μ³ ¤¥²¥´¨¨ Ê· ´  ¨
¢ (α, n)-·¥ ±Í¨ÖÌ. �¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¤ ¦¥ ¢ £²Ê¡μ±¨Ì ¶μ¤§¥³´ÒÌ
² ¡μ· Éμ·¨ÖÌ ³μ¦´μ ´ ¡²Õ¤ ÉÓ ¡Ò¸É·Ò¥ ´¥°É·μ´Ò, ¸¢Ö§ ´´Ò¥ ¸ μ¸É ÉμÎ´Ò³
±μ¸³μ£¥´´Ò³ Ëμ´μ³. ‚ ´ Ï¥° · ¡μÉ¥ ¤ ´´Ò° ¢¨¤ Ëμ´  ´¥ ¨¸¸²¥¤Ê¥É¸Ö, ¤μ-
¶μ²´¨É¥²Ó´ Ö ¨´Ëμ·³ Í¨Ö ³μ¦¥É ¡ÒÉÓ ´ °¤¥´  ¢ [1]. ‚ ²Õ¡μ³ ¸²ÊÎ ¥ ¤²Ö
¶·μ¢¥¤¥´¨Ö ´¨§±μËμ´μ¢μ£μ Ô±¸¶¥·¨³¥´É  É·¥¡Ê¥É¸Ö: 1) μÉ¡μ· ±μ´¸É·Ê±Í¨μ´-
´ÒÌ ³ É¥·¨ ²μ¢ ¸ ´¨§±¨³ Ê·μ¢´¥³ ¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸É¨; 2) ¸¡μ·±  ¨
¶·μ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´Éμ¢ ¢ ¶μ³¥Ð¥´¨ÖÌ ¸ ´¨§±¨³ Ê·μ¢´¥³ ¶Ò²¨; 3) ¸μ§¤ ´¨¥
ÔËË¥±É¨¢´μ°  ´É¨· ¤μ´μ¢μ° § Ð¨ÉÒ ´  ¢¸¥Ì ¸É ¤¨ÖÌ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨-
³¥´É ; 4) ¸μ§¤ ´¨¥ ÔËË¥±É¨¢´μ° ´¥°É·μ´´μ° § Ð¨ÉÒ. �·¨ ¸μ§¤ ´¨¨ ´¥°-
É·μ´´μ° § Ð¨ÉÒ μ¸´μ¢´Ò³¨ ¶ · ³¥É· ³¨ ¶·¨ ¢Ò¡μ·¥ ³ É¥·¨ ²μ¢ Ö¢²ÖÕÉ¸Ö
¨Ì ÔËË¥±É¨¢´μ¸ÉÓ ± § ³¥¤²¥´¨Õ ¡Ò¸É·ÒÌ ¨ ¶μ£²μÐ¥´¨Õ É¥¶²μ¢ÒÌ ´¥°É·μ-
´μ¢, μ¸É ÉμÎ´ Ö · ¤¨μ ±É¨¢´μ¸ÉÓ ³ É¥·¨ ²  § Ð¨ÉÒ (¸ ÊÎ¥Éμ³ ¥¥ ¢μ§³μ¦´μ£μ
¨§³¥´¥´¨Ö ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨), ²¥£±μ¸ÉÓ ¢ μ¡· ¡μÉ±¥, Ê¸Éμ°Î¨¢μ¸ÉÓ ± ¢´¥Ï-
´¨³ ¢μ§¤¥°¸É¢¨Ö³, ¤μ¸ÉÊ¶´μ¸ÉÓ ¨ ¸Éμ¨³μ¸ÉÓ. „²Ö ¸μ§¤ ´¨Ö ¢Ò¸μ±μÔËË¥±É¨¢-
´μ° ´¥°É·μ´´μ° § Ð¨ÉÒ ´¥μ¡Ìμ¤¨³μ ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ ¢ ´¥° ²¥£±¨Ì Ô²¥-
³¥´Éμ¢.

�¤´¨³ ¨§ ³ É¥·¨ ²μ¢ ¤²Ö ¸μ§¤ ´¨Ö ´¥°É·μ´´ÒÌ § Ð¨É, Ê¤μ¢²¥É¢μ·ÖÕÐ¨³
¢¸¥³ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò³ ¶ · ³¥É· ³, Ö¢²Ö¥É¸Ö ¶μ²¨ÔÉ¨²¥´.

„ ´´ Ö · ¡μÉ  ´ ¶· ¢²¥´  ´  μ¶·¥¤¥²¥´¨¥ ¸É¥¶¥´¨ § £·Ö§´¥´¨Ö ¢ ¶¥·-
¢ÊÕ μÎ¥·¥¤Ó ¥¸É¥¸É¢¥´´Ò³¨ · ¤¨μ´Ê±²¨¤ ³¨ Ê· ´ , Éμ·¨Ö, · ¤¨Ö ¨ ± ²¨Ö-40
¶μ²¨ÔÉ¨²¥´  μ¸´μ¢´μ° ´¥°É·μ´´μ° § Ð¨ÉÒ EDELWEISS ¨ ´μ¢μ£μ ¶μ²¨-
ÔÉ¨²¥´ , ¨¸¶μ²Ó§Ê¥³μ£μ ¢ EDELWEISS-3, ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤  ˆ���.
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‡�™ˆ’� �’ �…‰’����‚

„²Ö ¶·Ö³μ£μ ¶μ¨¸±  Î ¸É¨Í É¥³´μ° ³ É¥·¨¨ ¢ Ô±¸¶¥·¨³¥´É¥
EDELWEISS [2] ¨¸¶μ²Ó§ÊÕÉ¸Ö £¥·³ ´¨¥¢Ò¥ ¤¥É¥±Éμ·Ò-¡ ²²μ³¥É·Ò, ´ Ìμ¤Ö-
Ð¨¥¸Ö ¢ ±·¨μ¸É É¥ · ¸É¢μ·¥´¨Ö 3HeÄ4He. „²Ö ¶μ¤ ¢²¥´¨Ö ±μ¸³μ£¥´´μ° ¸μ¸É -
¢²ÖÕÐ¥° Ëμ´  Ê¸É ´μ¢±  · ¸¶μ²μ¦¥´  ¢ ¶μ¤§¥³´μ° ² ¡μ· Éμ·¨¨ (LSM) [3], ¢
ÉÊ´´¥²¥ ”·¥¦Õ¸, ¸μ¥¤¨´ÖÕÐ¥³ ”· ´Í¨Õ ¨ ˆÉ ²¨Õ. 1800 ³ £μ·´μ° ¶μ·μ¤Ò
(4800 ³ ¢. Ô.) Ê³¥´ÓÏ ÕÉ ¶μÉμ± ³Õμ´μ¢ ¢¶²μÉÓ ¤μ 4 ³2/¸ÊÉ, ¨ ¸μμÉ¢¥É¸É¢¥´´μ
Ê³¥´ÓÏ ¥É¸Ö ¶μÉμ± ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¤μ Ê·μ¢´Ö ∼ 10−2 ³−2 · c−1. ‡ Ð¨É 
Ê¸É ´μ¢±¨ EDELWEISS μ±·Ê¦ ¥É ¤¥É¥±Éμ·Ò ¸μ ¢¸¥Ì ¸Éμ·μ´ ¨ ¸μ¸Éμ¨É ¨§
¸²¥¤ÊÕÐ¨Ì ¸²μ¥¢: 20 ¸³ ¸¢¨´Í  (36 É, ¢±²ÕÎ Ö ¢´ÊÉ·¥´´ÕÕ Î ¸ÉÓ § Ð¨ÉÒ
¨§ ¸¢¥·Ì´¨§±μËμ´μ¢μ£μ,  ·Ì¥μ²μ£¨Î¥¸±μ£μ ¸¢¨´Í ), 50 ¸³ ¶μ²¨ÔÉ¨²¥´  ¤²Ö
§ Ð¨ÉÒ μÉ ´¥°É·μ´μ¢ (30 É), ¤ ²¥¥ ¢¸Ö Ê¸É ´μ¢±  μ±·Ê¦¥´   ±É¨¢´μ° μ ¢¥Éμ-
¸¨¸É¥³μ° (100 ³2 ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¶ ´¥²¥° Éμ²Ð¨´μ° 5 ¸³). �·¨ § ±·ÒÉμ°
§ Ð¨É¥ ¢ ¸¢μ¡μ¤´μ¥ ¶·μ¸É· ´¸É¢μ ¢μ§²¥ ±·¨μ¸É É  ´¥¶·¥·Ò¢´μ ¶μ¤ ¥É¸Ö μÎ¨-
Ð¥´´Ò° μÉ · ¤μ´  ¢μ§¤ÊÌ. Š·¨μ¸É É ¸ § Ð¨Éμ° Ê¸É ´μ¢²¥´ ¢´ÊÉ·¨ Î¨¸Éμ°
±μ³´ ÉÒ ±² ¸¸  1000.

�ËË¥±É¨¢´μ¸ÉÓ § Ð¨ÉÒ ¡Ò²  Ê¸É ´μ¢²¥´  ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ³μ¤¥²Ó´ÒÌ
· ¸Î¥Éμ¢ ¸ ·¥§Ê²ÓÉ É ³¨ É¥¸Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ¢ Éμ³ Î¨¸²¥ ¸  ±É¨¢´Ò³ ´¥°-
É·μ´´Ò³ ¨¸ÉμÎ´¨±μ³, · ¸¶μ²μ¦¥´´Ò³ ¢ · §´ÒÌ ³¥¸É Ì ¢´¥ § Ð¨ÉÒ. ‚¸¥
±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨ ²Ò, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¤²Ö EDELWEISS, ¡Ò²¨ μÉμ-
¡· ´Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê·μ¢´Ö ¨Ì · ¤¨μ ±É¨¢´μ£μ § £·Ö§´¥´¨Ö. 
² £μ¤ ·Ö
¶·¥¤¶·¨´ÖÉÒ³ Ê¸¨²¨Ö³ ¢ ¶·¥¤Ò¤ÊÐ¥° Ë §¥ Ô±¸¶¥·¨³¥´É  EDELWEISS-2 ¡Ò²
¶μ²ÊÎ¥´ μ¤¨´ ¨§ ²ÊÎÏ¨Ì ¶·¥¤¥²μ¢ ´  ¢§ ¨³μ¤¥°¸É¢¨¥ WIMPÄ´Ê±²μ´ ´  Ê·μ¢´¥
4,4·10−44 ¸³2 ¤²Ö WIMP ¸ ³ ¸¸μ° 85 ƒÔ‚/c2 [4]. �  ´μ¢μ³ ÔÉ ¶¥ Ô±¸¶¥·¨³¥´É 
(Ë §  EDELWEISS-3) Í¥²ÓÕ ¶·μ¥±É  Ö¢²Ö¥É¸Ö Ê²ÊÎÏ¥´¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö WIMPÄ´Ê±²μ´ ± ± ³¨´¨³Ê³ ´  ¶μ·Ö¤μ±. „²Ö
Ê²ÊÎÏ¥´¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ Ô±¸¶¥·¨³¥´É  ¤μ ´Ê¦´μ£μ Ê·μ¢´Ö ´ ·Ö¤Ê ¸ Ê¢¥²¨-
Î¥´¨¥³ ¸É É¨¸É¨±¨ ¢ ¤¥¸ÖÉÓ · §, ¤μ ∼ 3000 ±£/¸ÊÉ, ´¥μ¡Ìμ¤¨³μ ¸ÊÐ¥¸É¢¥´´μ¥
¶μ´¨¦¥´¨¥ ¨´¤¥±¸  μ¦¨¤ ¥³μ£μ Ëμ´ . ˆ§ ¤ ´´ÒÌ · ¡μÉÒ [4] ¢¨¤´μ, ÎÉμ ¤²Ö
Ê¸¶¥Ï´μ¸É¨ EDELWEISS-3 ´¥°É·μ´´Ò° Ëμ´, ¸¢Ö§ ´´Ò° ¸ μ¸É ÉμÎ´μ° · ¤¨μ-
 ±É¨¢´μ¸ÉÓÕ Ô²¥±É·μ´¨±¨, ±μ´´¥±Éμ·μ¢ ¨ ± ¡¥²¥°, · ¸¶μ²μ¦¥´´ÒÌ ¢´ÊÉ·¨
¨ ´  ±·¨μ¸É É¥ Ê¸É ´μ¢±¨, ´¥μ¡Ìμ¤¨³μ ¶μ¤ ¢¨ÉÓ ¶μ ±· °´¥° ³¥·¥ ´  ¶μ·Ö-
¤μ±. “³¥´ÓÏ¥´¨¥ · ¤¨μ ±É¨¢´μ¸É¨ Ê¦¥ ¸¶¥Í¨ ²Ó´μ μÉμ¡· ´´ÒÌ ³ É¥·¨ ²μ¢
¶·¨³¥´Ö¥³ÒÌ Ô²¥±É·μ´´ÒÌ ±μ³¶μ´¥´Éμ¢ ´  ¶μ·Ö¤μ± Ö¢²Ö¥É¸Ö ¸²μ¦´μ° § ¤ -
Î¥°. �μÔÉμ³Ê ¤²Ö É·¥ÉÓ¥° Ë §Ò Ô±¸¶¥·¨³¥´É  ¶·¥¤Ê¸³μÉ·¥´  Ê¸É ´μ¢±  ¤μ-
¶μ²´¨É¥²Ó´μ° ¶μ²¨ÔÉ¨²¥´μ¢μ° § Ð¨ÉÒ μÉ ´¥°É·μ´μ¢, Î ¸É¨Î´μ ¢´ÊÉ·¨ ±·¨μ-
¸É É , Î ¸É¨Î´μ ³¥¦¤Ê ±·¨μ¸É Éμ³ ¨  ·Ì¥μ²μ£¨Î¥¸±¨³ ¸¢¨´Íμ³ (p¨¸. 1). …¸É¥-
¸É¢¥´´μ, ÎÉμ μ¸´μ¢´Ò³ É·¥¡μ¢ ´¨¥³ ¶·¨ ¸μ§¤ ´¨¨ ´μ¢μ° § Ð¨ÉÒ Ö¢²Ö¥É¸Ö ¢Ò-
Ö¸´¥´¨¥ Ê·μ¢´Ö ¸μ¡¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸É¨ ¨¸¶μ²Ó§Ê¥³μ£μ ³ É¥·¨ ² .
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�¨¸. 1. ‚¨¤ ¢¥·Ì´¥° Î ¸É¨ ±·¨μ¸É É  Ê¸É ´μ¢±¨ EDELWEISS, ¢´¥Ï´ÖÖ § Ð¨É  μÉ-
±·ÒÉ : 1 Å ¢´¥Ï´¨° Ô±· ´ ±·¨μ¸É É ; 2 Å § Ð¨É  ¨§ ¸¢¨´Í ; 3 Å μ¸´μ¢´ Ö ¶μ²¨ÔÉ¨-
²¥´μ¢ Ö § Ð¨É  (EDELWEISS-2 ¨ 3); 4 Å Ô²¥±É·μ´¨± , ´ Ìμ¤ÖÐ Ö¸Ö ¢´ÊÉ·¨ μ¸´μ¢´μ°
¶μ²¨ÔÉ¨²¥´μ¢μ° § Ð¨ÉÒ; 5 Å Î ¸ÉÓ ´μ¢μ° ¶μ²¨ÔÉ¨²¥´μ¢μ° § Ð¨ÉÒ (EDELWEISS-3)

„μ¶μ²´¨É¥²Ó´Ò³ Ë ±Éμ·μ³ ¢μ§´¨±´μ¢¥´¨Ö ´¥°É·μ´μ¢ ¢´ÊÉ·¨ ¶μ²¨ÔÉ¨²¥´ 
Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ · ¤μ´  ¢ ¸μ¶·¨± ¸ ÕÐ¥³¸Ö ¸ ¶μ²¨ÔÉ¨²¥´μ³ ¢μ§¤ÊÌ¥. �¤´ ±μ
¢ · ³± Ì ¤ ´´μ° ¸É ÉÓ¨ ´¥°É·μ´´Ò° Ëμ´ §  ¸Î¥É ¢μ§³μ¦´μ°  ¤¸μ·¡Í¨¨ · ¤μ´ 
¢ ¶μ²¨ÔÉ¨²¥´ ´¥ ¨¸¸²¥¤Ê¥É¸Ö.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

•¨³¨Î¥¸±¨¥ ·¥ ±É¨¢Ò. ‚ ÔÉμ° · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¡¨¤¨¸É¨²²¨·μ¢ ´-
´ Ö ¢μ¤ , ¨§μ¶·μ¶¨²μ¢Ò° ¸¶¨·É (®�‘— 13-5¯, ’“ 6-09-07-1718-91) ¨ ¸μ²Ö´ Ö
±¨¸²μÉ  (®�‘— 20-4¯, ƒ�‘’ 14261-77).

�¡²ÊÎ¥´¨¥ μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨ ´  ¢¥·É¨± ²Ó´μ³ ± ´ ²¥ ¨¸¸²¥¤μ¢ É¥²Ó-
¸±μ£μ Ö¤¥·´μ£μ ·¥ ±Éμ·  ‚‚�-‘Œ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨ �� �“§,
’ Ï±¥´É, ¸ ¶²μÉ´μ¸ÉÓÕ ¶μÉμ±  ´¥°É·μ´μ¢ 1 · 1014 ¸³−2 · c−1 [5].
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�·¨£μÉμ¢²¥´¨¥ μ¡· §Íμ¢ ¶μ²¨ÔÉ¨²¥´ . �¡· §ÍÒ ¤²Ö  ´ ²¨§  μÉμ¡· ´Ò ¨§
¤¢ÊÌ ¡²μ±μ¢ ¶μ²¨ÔÉ¨²¥´ , ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¤²Ö μ¸´μ¢´μ° § Ð¨ÉÒ
EDELWEISS, ¨ ¤¢ÊÌ ¡²μ±μ¢ ´μ¢μ° § Ð¨ÉÒ EDELWEISS-3. ˆ§ ± ¦¤μ£μ ¡²μ± 
¡Ò²¨ ¶μ¤£μÉμ¢²¥´Ò ¶μ ¤¢  μ¡· §Í , μ¡μ§´ Î¥´´Ò¥ ± ± PE-1, PE-1s, PE-2,
PE-2s, PE-N1, PE-N1s, PE-N2, PE-N2s. �¡· §ÍÒ ¸ ¸¨³¢μ²μ³ ®N¯ ¶·¨´ ¤²¥¦ É
± ¶μ²¨ÔÉ¨²¥´Ê § Ð¨ÉÒ EDELWEISS-3. ‘¨³¢μ²μ³ ®s¯ μ¡μ§´ Î¥´Ò μ¡· §ÍÒ ¸
³¥´ÓÏ¥° ³ ¸¸μ° ¶μ·Ö¤±  1 £. Œ ¸¸  μ¸É ²Ó´ÒÌ μ¡· §Íμ¢ ¸μ¸É ¢²Ö²  ≈10 £.
„²Ö Ê¤ ²¥´¨Ö ¶μ¢¥·Ì´μ¸É´μ£μ § £·Ö§´¥´¨Ö μ¡· §ÍÒ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶·μ³Ò-
¢ ²¨ ¡¨¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤μ°, ¨§μ¶·μ¶¨²μ¢Ò³ ¸¶¨·Éμ³ ¨ Î¥·¥§ ´¥±μÉμ-
·μ¥ ¢·¥³Ö ¸´μ¢  ¡¨¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤μ°. ‡ É¥³  ´ ²¨§¨·Ê¥³Ò¥ μ¡· §ÍÒ
¸ μ¡· §Í ³¨ ¸· ¢´¥´¨Ö (ÔÉ ²μ´ ³¨) § ¢μ· Î¨¢ ²¨ ¢  ²Õ³¨´¨¥¢ÊÕ Ëμ²Ó£Ê ¨
§ ¶ ¨¢ ²¨ ¢ ±¢ ·Í¥¢ÊÕ  ³¶Ê²Ê. ‡ ¶ Ö´´ÊÕ  ³¶Ê²Ê ¶μ³¥Ð ²¨ ¢  ²Õ³¨´¨¥¢Ò°
±μ´É¥°´¥· ¤²Ö μ¡²ÊÎ¥´¨Ö ´  ·¥ ±Éμ·¥.

ƒ ³³ -¸¶¥±É·μ³¥É·¨Ö. �±É¨¢´μ¸ÉÓ μ¡· §Íμ¢ ¨§³¥·Ö²¨ ¸ ¶μ³μÐÓÕ
γ-¸¶¥±É·μ³¥É· , ¸μ¸ÉμÖÐ¥£μ ¨§ ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ HPGe-¤¥É¥±Éμ·  GC1518
(ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ 15%, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ 1,7 ±Ô‚ ¶μ
²¨´¨¨ 1,3 ŒÔ‚ · ¤¨μ´Ê±²¨¤  60Co) ¨ ³´μ£μ± ´ ²Ó´μ£μ  ´ ²¨§ Éμ·  DSA-
1000 (Š ´¡¥·· , ‘˜�). � ¡μ· ¨ μ¡· ¡μÉ±Ê ¸¶¥±É·μ¢ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Genie-2000, ¢Ìμ¤ÖÐ¥£μ ¢ ±μ³¶²¥±É ¸¶¥±É·μ³¥É· .

�¡· §ÍÒ ¸· ¢´¥´¨Ö (ÔÉ ²μ´Ò), ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨  ´ ²¨§¥, £μÉμ¢¨²¨
¶μ ¸É ´¤ ·É´μ° ³¥Éμ¤¨±¥ [6].

Œ¥Éμ¤¨±  ˆ���. �¡· §ÍÒ ¶μ²¨ÔÉ¨²¥´  ¡μ²ÓÏ¥° ³ ¸¸Ò (PE-1, PE-2,
PE-N1, PE-N2) ¸ ÔÉ ²μ´ ³¨ μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 48 Î. —¥·¥§ 10Ä13 cÊÉ
¶μ¸²¥ μ¡²ÊÎ¥´¨Ö μ¡· §ÍÒ ¸ ÔÉ ²μ´ ³¨ · ¸¶ ±μ¢Ò¢ ²¨, Ê¤ ²Ö²¨ ¶μ¢¥·Ì´μ¸É-
´μ¥ § £·Ö§´¥´¨¥ 0,1 ³μ²Ó · ¸É¢μ·μ³ ¸μ²Ö´μ° ±¨¸²μÉÒ ¨ ¶μ³¥Ð ²¨ ¢ ¡Ê³ ¦´Ò¥
¶ ±¥É¨±¨.

�¡· §ÍÒ PE-1s, PE-N1s, PE-2s ¨ PE-N2s μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 5 Î. ˆ§³¥·¥-
´¨Ö ÔÉ¨Ì μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨ Î¥·¥§ ´¥¸±μ²Ó±μ Î ¸μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. ‚·¥³Ö
¨§³¥·¥´¨Ö μ¡· §Íμ¢ ¸μ¸É ¢²Ö²μ 1000Ä3000 ¸, ÔÉ ²μ´μ¢ Å 100Ä600 ¸.

�…‡“‹œ’�’› ˆ ˆ• �	‘“†„…�ˆ…

�μ²¨ÔÉ¨²¥´ ¸μ¸Éμ¨É ¨§ Ê£²¥·μ¤  ¨ ¢μ¤μ·μ¤ , ±μÉμ·Ò¥ ¶· ±É¨Î¥¸±¨ ´¥  ±-
É¨¢¨·ÊÕÉ¸Ö ¶·¨ μ¡²ÊÎ¥´¨¨ ´¥°É·μ´ ³¨. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶μ²¨ÔÉ¨²¥´ Ê¤μ¡¥´ ¤²Ö
¨´¸É·Ê³¥´É ²Ó´μ£μ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . �¨§± Ö  ±É¨¢´μ¸ÉÓ
μ¸´μ¢Ò ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö  ´ ²¨§  μ¡· §ÍÒ ¸ ³ ¸-
¸μ° ¢ ¤¥¸ÖÉ±¨ £· ³³, ¢Ò¸μ±¨° ¶μÉμ± ´¥°É·μ´μ¢ ¨ ¤²¨É¥²Ó´μ¥ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö.
‚¸¥ ÔÉ¨ Ë ±Éμ·Ò ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¢Ò¸μ±ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö
¨ μ¡¥¸¶¥Î¨¢ ÕÉ ¶·¥¤¸É ¢¨É¥²Ó´μ¸ÉÓ ¶·μ¡Ò. �¥§Ê²ÓÉ ÉÒ ��� μ¡· §Íμ¢ ¶μ²¨-
ÔÉ¨²¥´  μ¸´μ¢´μ° § Ð¨ÉÒ EDELWEISS ¨ ¢´ÊÉ·¥´´¥° § Ð¨ÉÒ EDELWEISS-3
¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. ‚ ¸¢Ö§¨ ¸ ¤²¨É¥²Ó´Ò³ μ¡²ÊÎ¥´¨¥³ μ¡· §Íμ¢ ¶μÉμ±μ³
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´¥°É·μ´μ¢ ¸ ¢Ò¸μ±μ° ¶²μÉ´μ¸ÉÓÕ ¨´É¥´¸¨¢´μ¥ γ-¨§²ÊÎ¥´¨¥ ´¥±μÉμ·ÒÌ Ô²¥-
³¥´Éμ¢ ¸ ¡μ²¥¥ ¢Ò¸μ±¨³ ¸μ¤¥·¦ ´¨¥³ ³¥Ï ¥É μ¶·¥¤¥²¥´¨Õ ¤·Ê£¨Ì Ô²¥³¥´Éμ¢,
±μÉμ·Ò¥ μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ γ-²¨´¨Ö³ ¸ ¡μ²¥¥ ´¨§±μ° Ô´¥·£¨¥°. ‚ ± Î¥¸É¢¥ ¶·¨-
³¥·  ¶·¨¢¥¤¥´ γ-¸¶¥±É· μ¡· §Í  PE-1N (·¨¸. 2).

�¥§Ê²ÓÉ ÉÒ ˆ��� μ¡· §Íμ¢ ¶μ²¨ÔÉ¨²¥´ , ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì
EDELWEISS ¨ EDELWEISS-3

�²¥³¥´É
‘μ¤¥·¦ ´¨¥, £/£

PE-1/PE-1s PE-2/PE-2s PE-1N/PE-1Ns PE-2N/PE-2Ns

Ag (1,33±0,06)·10−10 (1,56±0,06)·10−10 Å Å

As (2,37±0,16)·10−9 (3,21±0,16)·10−9 Å Å

Au (3,32±0,02)·10−10 (9,93±0,18)·10−11 < 4,7 · 10−11 < 1,1 · 10−11

Ba Å Å < 1,7 · 10−8 < 8,2 · 10−9

Br (7,51±0,12)·10−9 (9,13±0,13)·10−9 (1,0±0,1)·10−9 (1,0±0,1)·10−9

Ce (1,64±0,02)·10−9 (2,04±0,03)·10−9 (3,5±0,3)·10−8 (3,0±0,2)·10−8

Co (4,15±0,03)·10−9 (5,86±0,15)·10−10 (6,2±0,6)·10−10 (4,8±0,5)·10−10

Cr (1,81±0,01)·10−8 (1,77±0,02)·10−8 (2,0±0,1)·10−6 (1,9±0,1)·10−6

Cs Å Å < 1 · 10−11 < 1 · 10−11

Cu Å Å (1,1±0,2)·10−8 (1,8±0,2)·10−8

Eu Å Å < 2, 2 · 10−11 < 1, 2 · 10−11

Fe (3,86±0,11)·10−7 (3,06±0,33)·10−7 (3,0±0,3)·10−7 (1,3±0,1)·10−7

Hf (4,98±0,37)·10−11 (8,63±0,35)·10−11 (2,2±0,2)·10−8 (1,0±0,1)·10−8

K (1,60±0,35)·10−7 (1,03±0,25)·10−7 (9,3±1,0)·10−7 (3,7±0,4)·10−7

La (3,47±0,03)·10−9 (2,00±0,09)·10−9 (8,4±0,5)·10−9 (6,7±0,5)·10−9

Lu Å Å < 9,2 · 10−12 < 1,2 · 10−11

Mo (1,92±0,07)·10−9 (1,84±0,07)·10−9 Å Å

Mn Å Å (5,1±0,5)·10−9 (2,8±0,3)·10−9

Na Å Å (3,9±0,2)·10−7 (1,8±0,1)·10−7

Nd Å Å < 4,0·10−9 < 2,5·10−9

Ni Å Å (1,8±0,2)·10−8 (5,0±0,5)·10−8

Rb Å Å (9,0±0,9)·10−10 < 1 · 10−10

Re (5,17±0,01)·10−8 (1,26±0,01)·10−8 Å Å

Sb (2,83±0,01)·10−8 (3,68±0,01)·10−8 (4,5±0,4)·10−10 (9,0±0,9)·10−11

Sc (2,70±0,04)·10−10 (1,46±0,03)·10−10 (5,6±0,5)·10−11 (3,3±0,3)·10−11

Se (3,10±0,11)·10−9 (2,12±0,10)·10−9 (2,0±0,2)·10−9 (9,8±1,0)·10−10

Sm Å Å (4,2±0,4)·10−11 (4,4±0,4)·10−11

Sn (2,49±0,06)·10−8 (1,40±0,05)·10−8 Å Å

Ta (1,81±0,02)·10−9 (1,09±0,02)·10−9 < 8,7 · 10−11 < 6,5 · 10−11
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�·μ¤μ²¦¥´¨¥ É ¡²¨ÍÒ

�²¥³¥´É
‘μ¤¥·¦ ´¨¥, £/£

PE-1/PE-1s PE-2/PE-2s PE-1N/PE-1Ns PE-2N/PE-2Ns

Th (1,16±0,04)·10−10 (8,39±0,90)·10−11 < 5,3 · 10−11 < 1 · 10−11

U (1,24±0,04)·10−9 (7,97±0,41)·10−10 (5,3±0,5)·10−11 (7,7±0,7)·10−11

W Å Å (5,8±0,7)·10−9 (1,2±0,2)·10−8

Yb Å Å < 6,1 · 10−11 < 3,1 · 10−11

Zn (9,98±0,28)·10−6 (1,03±0,03)·10−5 (2,0±0,1)·10−8 (7,5±0,8)·10−8

Zr Å Å (1,2±0,1)·10−6 (5,4±0,2)·10−7

‘¨³¢μ²μ³ < Ê± § ´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö (90 % CL).

�μ ¤ ´´Ò³ É ¡²¨ÍÒ ¨ ¨§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ ¸μ¤¥·¦ ´¨¥ Ì·μ³  ¢ μ¡· §Í¥
¶μ²¨ÔÉ¨²¥´  ¢´ÊÉ·¥´´¥° § Ð¨ÉÒ EDELWEISS-3 ´  ¶ÖÉÓ ¶μ·Ö¤±μ¢ ¢ÒÏ¥, Î¥³
Éμ·¨Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ±μ³¶Éμ´μ¢¸±¨° Ëμ´ γ-²¨´¨¨ 51Cr ¸ Ô´¥·£¨¥°
γ-²¨´¨¨ 320 ±Ô‚ ´¥ ¤ ¥É ¢μ§³μ¦´μ¸É¨ μ¶·¥¤¥²ÖÉÓ Éμ·¨°, ±μÉμ·Ò° μ¶·¥¤¥-
²Ö¥É¸Ö ¶μ · ¤¨μ´Ê±²¨¤Ê 233�  ¸ Ô´¥·£¨¥° γ-²¨´¨¨ 311 ±Ô‚. �μÔÉμ³Ê ¢ É ¡-
²¨Í¥ ¤²Ö μ¡· §Íμ¢ ¸¥·¨¨ N ¸μ¤¥·¦ ´¨¥ Éμ·¨Ö ¶·¨¢¥¤¥´o ¢ ¢¨¤¥ ¶·¥¤¥²μ¢
μ¡´ ·Ê¦¥´¨Ö.

�¨¸. 2. γ-¸¶¥±É· μ¡· §Í  ¶μ²¨ÔÉ¨²¥´  PE-1N, ¢·¥³Ö ¨§³¥·¥´¨Ö 1000 c, ¢·¥³Ö μÌ² ¦¤¥-
´¨Ö 13 ¸ÊÉ. �É³¥Î¥´Ò ¸²¥¤ÊÕÐ¨¥ γ-²¨´¨¨: 1, 4, 6, 8 Å 181Hf (133,0 ±Ô‚, 345,9 ±Ô‚,
482,2 ±Ô‚ ¨ 615,2 ±Ô‚); 2 Å 141Ce (145,4 ±Ô‚); 3 Å 51Cr (320,1 ±Ô‚); 5 Å 198Au
(411,8 ±Ô‚); 7 Å 122Sb (564,1 ±Ô‚); 9 Å 95Zr (756,7 ±Ô‚); 10 Å 46Sc (889,3 ±Ô‚);
11 Å 59Fe (1099,3 ±Ô‚); 12 Å 60Co (1332,5 ±Ô‚)
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� ¨¡μ²ÓÏ¨° ¨´É¥·¥¸ ¢ ·¥§Ê²ÓÉ É Ì  ´ ²¨§  ¢Ò§Ò¢ ÕÉ ±μ´Í¥´É· Í¨¨ Éμ-
·¨Ö ¨ Ê· ´ , ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö ¢¥·μÖÉ´Ò³¨ ¨¸ÉμÎ´¨± ³¨ ´¥°É·μ´´μ£μ Ëμ´ .
‚ · ¡μÉ¥ [7] ¶μ± § ´μ, ÎÉμ 1 · 10−9 £/£ 238U ¢ ¶μ²¨ÔÉ¨²¥´¥ ¤ ¥É ¶²μÉ´μ¸ÉÓ
¶μÉμ±  ´¥°É·μ´μ¢ ´  Ê·μ¢´¥ 2,6 · 10−6 ³−2· c−1,   1 · 10−9 £/£ 232Th Å
5, 0 ·10−7 ³−2 · c−1. �·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ¶μ²ÊÎ¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ ±μ´-
Í¥´É· Í¨¨ Éμ·¨Ö ¨ Ê· ´  ¢ ¶μ²¨ÔÉ¨²¥´¥ ¢´ÊÉ·¥´´¥° § Ð¨ÉÒ EDELWEISS-3,
³μ¦´μ £μ¢μ·¨ÉÓ μ ¤μ¶μ²´¨É¥²Ó´μ³ ¶μÉμ±¥ ´¥°É·μ´μ¢, ¢μ§´¨± ÕÐ¥³ ¢´ÊÉ·¨
§ Ð¨ÉÒ, ´  Ê·μ¢´¥ ³¥´¥¥ 10−7 ³−2 · c−1. „ ´´Ò° Ê·μ¢¥´Ó ¢¶μ²´¥ μÉ¢¥Î ¥É
É·¥¡μ¢ ´¨Ö³ Ô±¸¶¥·¨³¥´É  EDELWEISS-3.

�¸μ¡μ£μ ¢´¨³ ´¨Ö § ¸²Ê¦¨¢ ¥É ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ Í¨´±  ¢ μ¡· §Í Ì
μ¸´μ¢´μ° § Ð¨ÉÒ EDELWEISS. Šμ´Í¥´É· Í¨Ö Í¨´±  ¢ ÔÉ¨Ì μ¡· §Í Ì ´  É·¨
¶μ·Ö¤±  ¡μ²ÓÏ¥, Î¥³ ¢ ¶μ²¨ÔÉ¨²¥´¥, ¨¸¶μ²Ó§Ê¥³μ³ ¢ EDELWEIS-3. �μ ¢¸¥°
¢¨¤¨³μ¸É¨ É¥Ì´μ²μ£¨Ö ¶·μ¨§¢μ¤¸É¢  ¤ ´´ÒÌ ¶μ²¨ÔÉ¨²¥´μ¢ μÉ²¨Î ¥É¸Ö. ‚ ¦-
´μ¸ÉÓ ÔÉμ£μ ´ ¡²Õ¤¥´¨Ö ¸¢Ö§ ´  ¸ É¥³, ÎÉμ Í¨´± Ö¢²Ö¥É¸Ö Ì¨³¨Î¥¸±¨³  ´ ²μ-
£μ³ · ¤¨Ö, ¶μÔÉμ³Ê ¢ ¶μ²¨ÔÉ¨²¥´¥ μ¸´μ¢´μ° § Ð¨ÉÒ ¸μ¤¥·¦ ´¨¥ · ¤¨Ö ³μ¦¥É
¡ÒÉÓ §´ Î¨É¥²Ó´μ ¢ÒÏ¥, Î¥³ · ¸¸Î¨É ´´μe ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μ ¥£μ · ¢´μ¢¥¸¨¨
¸ Ê· ´μ³, ¸ ¢ÒÉ¥± ÕÐ¨³¨ ¶μ¸²¥¤¸É¢¨Ö³¨ ¶μ ¡μ²¥¥ ¢Ò¸μ±μ³Ê ¢ÒÌμ¤Ê ´¥°É·μ-
´μ¢ ¨ ¡μ²¥¥ ¢Ò¸μ±μ° γ- ±É¨¢´μ¸É¨. ’¥³ ¡μ²¥¥ ¢ ¦´Ò³ ¤²Ö Ô±¸¶¥·¨³¥´É 
EDELWEISS Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ´μ¢Ò° ¶μ²¨ÔÉ¨²¥´ ¤²Ö ¢´ÊÉ·¥´´¥° § Ð¨ÉÒ μÉ
´¥°É·μ´μ¢ ¨³¥¥É ¡μ²¥¥ ´¨§±μ¥ ¸μ¤¥·¦ ´¨¥ Éμ·¨Ö ¨ Ê· ´  ¨, ¶μ ¢¸¥° ¢¨¤¨³μ-
¸É¨, · ¤¨Ö.

Š·μ³¥ ´¥°É·μ´´μ£μ Ëμ´  ´¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ ¢μ§³μ¦´Ò° γ-Ëμ´, ¸¢Ö-
§ ´´Ò° ¸ ´ ²¨Î¨¥³ 40K,   É ±¦¥ ¸ γ-¨§²ÊÎ¥´¨¥³ · ¤¨μ´Ê±²¨¤μ¢, μ¡· §ÊÕ-
Ð¨Ì¸Ö ¶·¨ · ¸¶ ¤¥ Ê· ´  (¢ μ¸´μ¢´μ³ 214Bi ¨ 214Pb) ¨ Éμ·¨Ö (228Ac, 212Pb,
208Tl). ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ³ ±¸¨³ ²Ó´μ¥ ¸μ¤¥·¦ ´¨¥ ± ²¨Ö ¡Ò²μ μ¡´ -
·Ê¦¥´μ ¢ μ¡· §Í¥ PE-2 (1,03 · 10−7 £/£), ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É · ¤¨μ ±É¨¢´μ¸É¨
3, 1 · 10−3 
±/±£ ¶μ²¨ÔÉ¨²¥´ . Œ ±¸¨³ ²Ó´μ¥ ¸μ¤¥·¦ ´¨¥ Éμ·¨Ö ¨ Ê· ´  ¡Ò²μ
μ¡´ ·Ê¦¥´μ ¢ μ¡· §Í¥ PE-1. ‚ ¶¥·¥¸Î¥É¥ ´   ±É¨¢´μ¸ÉÓ ¶μ²ÊÎ¥´´o¥ ¸μ¤¥·-
¦ ´¨e Éμ·¨Ö ¨ Ê· ´  ¤ eÉ 1, 5 · 10−2 ¨ 0, 5 · 10−3 
±/±£ ¶μ²¨ÔÉ¨²¥´  ¸μμÉ¢¥É-
¸É¢¥´´μ. ’ ±¨³ μ¡· §μ³, ¥¸²¨ Í¥¶μÎ±  ¶μ¸²¥ 226Ra ´ Ìμ¤¨É¸Ö ¢ · ¢´μ¢¥¸¨¨
¸ Ê· ´μ³, Éμ μ¸´μ¢´μ° γ-Ëμ´ §  ¸Î¥É ¶μ²¨ÔÉ¨²¥´  ¡Ê¤¥É ¸¢Ö§ ´ ¸ · ¸¶ ¤μ³
214Pb, 214Bi ¨ 40K.

‡�Š‹
—…�ˆ…

�·μ¢¥¤¥´ ¨´¸É·Ê³¥´É ²Ó´Ò° ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ¢μ¸Ó³¨
μ¡· §Íμ¢ ¨§ ¤¢ÊÌ ¸μ·Éμ¢ ¶μ²¨ÔÉ¨²¥´ , ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö ¸μ§¤ ´¨Ö ¢Ò¸μ±μ-
ÔËË¥±É¨¢´μ° § Ð¨ÉÒ μÉ ´¥°É·μ´μ¢ ¢ Ô±¸¶¥·¨³¥´É¥ EDELWEISS.

‚  ´ ²¨§¨·μ¢ ´´ÒÌ μ¡· §Í Ì μ¶·¥¤¥²¥´Ò ¤μ 35 Ô²¥³¥´Éμ¢ ´  Ê·μ¢´¥
10−5−10−11 £/£. “¸É ´μ¢²¥´o ¸μ¤¥·¦ ´¨e Th ¨ U, ±μÉμ·Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ´ ¨-
¡μ²ÓÏ¨° ¨´É¥·¥¸ ± ± Ô²¥³¥´ÉÒ, Ö¢²ÖÕÐ¨¥¸Ö ¶μÉ¥´Í¨ ²Ó´Ò³¨ ¨¸ÉμÎ´¨± ³¨
¤μ¶μ²´¨É¥²Ó´μ£μ ¶μÉμ±  ´¥°É·μ´μ¢.
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„ ´  μÍ¥´±  ¢μ§³μ¦´μ° ¢¥²¨Î¨´Ò γ-Ëμ´ , ¨ μ¶·¥¤¥²¥´Ò ¥£μ ¶μÉ¥´Í¨ ²Ó-
´Ò¥ ¨¸ÉμÎ´¨±¨. �  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶μ± § ´μ, ÎÉμ ¶μ²¨-
ÔÉ¨²¥´ ¤²Ö ´μ¢μ° § Ð¨ÉÒ Ê¸É ´μ¢±¨ EDELWEISS-3 ¶μ ¶·¨³¥¸´μ³Ê ¸μ¸É ¢Ê
¢¶μ²´¥ μÉ¢¥Î ¥É É·¥¡μ¢ ´¨Ö³ Ô±¸¶¥·¨³¥´É .

„ ´´ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² -
£μ¤ ·´μ¸ÉÓ ±μ²² ¡μ· Í¨¨ EDELWEISS ¨ ¸μÉ·Ê¤´¨± ³ ² ¡μ· Éμ·¨¨ LSM § 
¶·¥¤μ¸É ¢²¥´´Ò¥ μ¡· §ÍÒ ¶μ²¨ÔÉ¨²¥´ .
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